The effect of extracellular pH on angiogenesis in vitro.
The microenvironment of the majority of solid tumours in which new vessels must grow and survive is acidic. Whilst recent reports suggest a role of the low tumour pH in the invasive and metastatic potential of tumour cells, little is known as to its impact on angiogenesis. The three-dimensional in vitro rat aortic ring model was used to study the effects of low extracellular pH (pH(e)) on microvascular growth. The spontaneous angiogenic response in collagen gels was seen to be highly dependent on the pH of the culture medium, with optimal outgrowth at pH 7.4, and a marked delay in microvascular growth at pH 6.9. This inhibition of vascular development was reversible. The absence of similar effects of medium pH on monolayer outgrowths of endothelial cells from rat aortic rings suggested an effect of pH(e) on aspects specific to three-dimensional growth. Vascular endothelial growth factor and basic fibroblast growth factor, whilst having limited effects at pH 7.4, were seen to reduce the time to onset of vessel outgrowth at pH 7.1, and lead to an initial growth rate similar to that observed at pH 7.4 in the absence of growth factors. Thus, the low environmental pH encountered by endothelial cells in solid tumours would not necessarily be detrimental to neovascularisation: a prominent in vitro angiogenic response is still observed at low pH(e) when stimulated by exogenous growth factors, high concentrations of which would be present in vivo.